
PSY9556b (April 2) Dichotomous (Binary), Categorical-Ordinal,  
and Count Outcomes  

Continuous 
• continuous ordinal 
• interval 
• ratio 

Discrete 
• dichotomous, binary 
• nominal (can have more than two 

 unordered categories) 
• ordinal 
 

In Mplus after “variable: names are…” include 
categorical are ….. 
• For dichotomous variables 

• 1 and 2 will be automatically recoded as 0 and 1 
• For ordinal variables  

• no more than 10 categories 
• integer values only 
• categories automatically recoded as 0, 1, 2, … 

nominal are ….. 
• categories automatically recoded as 0, 1, 2, … 
• last category is reference 
 
 
 



Count Variables 
• e.g., number of accidents at a particular highway interchange  

in a 24 hour period (without knowing total number of cars that 
went through  

• Poisson distribution 
• To model count data that varies randomly over time 
• Often used when probability is small 
• Discrete values (positive integers) 

In Mplus after “variable: names are…” include 
count = var or  
count = var (p) for Poisson 
count = var (i) or 
count = var (pi) for zero-inflated poisson (ZIP) 
count = var (nb) for negative binomial model (dispersion parameter is 
calculated; variance exceeds the mean) 
See other models in Mplus manual 

Dichotomous (Binary), Categorical-Ordinal, and Count Outcomes  



Binary Outcome  

• 1 vs. 0, success vs. failure 
• Expected mean = proportion of cases who have 1 

• 𝑚𝑚𝑚𝑚 𝑦 =  𝑝𝑦 
• 𝜋𝑦in population 
• 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑦 =  𝑝𝑦 1 − 𝑝𝑦  

 
𝜋𝑖 =  𝑥1𝛽 

 
𝑜𝑜𝑜𝑜𝑖 = 𝜋𝑖

1−𝜋𝑖
  

 
𝑙𝑙𝑙𝑙𝑙 𝜋𝑖 = log

𝜋𝑖
1 − 𝜋𝑖

 



Generalized Linear Models 

• General linear model is a special case of generalized linear models 
• These models are available in SPSS 
• Components include: 

• Random component referring to distribution of outcome variable 
• Systematic component refers to predictor variables  (Xs) 
• Link function: the way in which the outcome is transformed so that a 

linear relationship can be assessed 
 

• Generalized linear model for logistic regression 
• Random component: Outcome is binary, probability  𝜋𝑖  
• Systematic component: 

𝛽0 + 𝛽1𝑋1 + 𝐵2𝑋2 + ⋯+ 𝐵𝑝𝑋𝑝 
• Link function:  

𝑙𝑙 𝜋
1−𝜋

 = logit of  𝜋 
• Full equation 

𝑦 = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝛽0 + 𝛽1𝑋1 + 𝐵2𝑋2 + ⋯+ 𝐵𝑝𝑋𝑝   
(y expressed in logits) 
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For an item i,              is the probability of a 
response in or above a particular category k 
(except in the first category) given the value of     
and the parameters     (slope or discrimination) 
and      (thresholds). The * refers to probability 
of a response or higher. 
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Model for Polytomous Items 



Understanding Thresholds 

• Let us consider the example of subjects’ responses to a 5-point Likert 
scale item. This is an example of a polytomous item (an item with more 
than two ordered categories). 
 

• IRT (in this case the Graded-Response Model) uses item characteristics 
curves (ICCs) that depict the probability of each response as a function of 
a person’s trait level. 
 

• The parameter estimates in our example include one slope 
(discrimination parameter) and four thresholds. 
 

• The number of thresholds equals the number of response categories 
minus one. 
 

• An item characteristic curve (ICC) can be produced for each response 
category as shown below in Figure 1. In this case, each curve is a category 
response curve. 



Understanding Thresholds 

Figure 1. Category response curves for a five-point Likert scale 
item. 



Understanding Thresholds 

• A threshold is the value of the trait level    on the “threshold” (.50 
probability) of crossing over into the next highest response category. 
More specifically the four thresholds in our example distinguish: 
 

• Categories 1 (very unlikely) vs. 2 (unlikely), 3 (neutral), 4 (likely), 5 (very 
likely) 

• Categories 1 (very unlikely), 2 (unlikely) vs. 3 (neutral), 4 (likely), 5 (very 
likely) 

• Categories 1 (very unlikely), 2 (unlikely), 3 (neutral) vs. 4 (likely), 5 (very 
likely) 

• Categories 1 (very unlikely), 2 (unlikely), 3 (neutral), 4 (likely) vs. 5 very 
likely) 
 

• Thus the first threshold which in our example has a value of 0.028 is the 
trait level at which there is a .50 probability of endorsing "unlikely" or 
higher. This is shown in Figure 2. 



Understanding Thresholds  

Figure 2. Operating characteristic curves for a five-point Likert 
scale item. Note that the threshold values (0.028, 0.357, 0.958, 
and 1.799) correspond to the intersection points between the 
vertical dotted lines and the X-axis referring to the latent trait 
value. 



Understanding Thresholds 

• Note that IRT methodologists have differed in the way they label item 
characteristic curves (or category characteristic curves for polytomous 
items) and operating characteristic curves. I have used the terminology by 
Embreston and Reise (2000); others have used opposite labels to define 
these two types of curves (e.g., DeMars, 2010). 
 

 
 
DeMars, C. (2010). Item response theory. New York: Oxford University Press. 
 
Embreston, S. E., & Reise, S. P. (2000). Item response theory for psychologists. Mahwah, 
NJ: Erlbaum.  



Thresholds in Mplus 

• Mplus reports thresholds (instead of means) for outcome variables 
specified as CATEGORICAL 
 

• CATEGORICAL in Mplus specifies that the outcome variables are ordered-
categorical or dichotomous 

 
• This approach is ideal when your outcome variables are test or 

questionnaire items such as Likert-scale responses or any other types of 
responses with 10 or less ordered categories 
 



Example of Longitudinal Invariance Analysis: BDI-II 



BDI-II: Items Specified as Continuous (ML) vs. Categorical (WLSMV) 

ML WLSMV 



BDI-II: Items Specified as Continuous (ML) vs. Categorical (WLSMV) 

ML WLSMV 



BDI-II: Items Specified as Continuous (ML) vs. Categorical (WLSMV) 



BDI-II: Items Specified as Continuous (ML) vs. Categorical (WLSMV) 



BDI-II: A Third Approach - Categorical (WLSMV) Items Dichotomized* 

*In some of the later waves of data, 
respondents didn’t use all responses…further 
explanation in class 



BDI-II: A Third Approach - Categorical (WLSMV) Items Dichotomized* 



BDI-II: A Third Approach - Categorical (WLSMV) Items Dichotomized* 



BDI-II: Tests of Measurement Invariance – wk1 wk13 wk26 
(see Mplus Manual 7 p. 486) 

Not all correlated residuals shown Not all correlated residuals shown 

Model 1 (Configural MI) 
Model 2 (Loadings & Thresholds MI) 



BDI-II: Tests of Measurement Invariance – wk1 wk13 wk26 
(see Mplus Manual 7 p. 486) 

Model 1 (Configural MI) 
Model 2 (Loadings & Thresholds MI) 
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